Polymorphisms of DNA repair genes RAD51 and XRCC3 increase susceptibility to acute myeloid leukemia (AML) in adults, an effect enhanced by deletion of the glutathione-Stransferase M1 (GSTM1) gene. In this study, we genotyped 452 children with de novo AML treated on CCG protocols 2941 and 2961 and compared genotype frequencies with those of normal blood donors, and analyzed the impact of genotype on outcome of therapy. XRCC3 Thr241Met, RAD51 G135C and GSTM1 genotypes did not increase susceptibility to AML when assessed singly. In contrast, when XRCC3 and RAD51 genotypes were examined together a significant increase in susceptibility to AML was seen in children with variant alleles. Analysis of outcome of therapy showed that patients heterozygous for the XRCC3 Thr241Met allele had improved postinduction disease-free survival compared to children homozygous for the major or minor allele, each of whom had similar outcomes. Improved survival was due to reduced relapse in the heterozygous children, and this effect was most marked in children randomized to therapy likely to generate DNA doublestrand breaks (etoposide, daunomycin), compared with antimetabolite (fludarabine, cytarabine) based therapy. In contrast, RAD51 G135C and the GSTM1 deletion polymorphism did not influence outcome of AML therapy in our study population.
Introduction
DNA is at constant risk of damage from both endogenous and exogenous sources. Cells have highly complex pathways to accomplish repair of DNA damage and maintain genomic integrity.
1,2 An inability to respond adequately to DNA damage or failure to repair DNA damage accurately leads to genetic instability that may lead to an increased susceptibility to cancer. The capacity to respond to and repair DNA damage in an accurate manner varies among individuals. Genetic polymorphisms have been described for multiple genes associated with DNA repair and may contribute to this interindividual variation. 3 DNA double-strand breaks (DSBs) can form in response to a variety of exogenous agents like ionizing radiation and certain chemotherapeutic drugs as well as endogenous agents like reactive oxygen species, defective metabolism of telomeres or replication forks encountering a single-strand break. Repair of DSBs is accomplished in one of two ways: homologous recombination, a high-fidelity process that utilizes DNA from the intact homologous chromosome as a template, and nonhomologous end joining, a less accurate process by which the two broken ends are ligated after limited resection at each end. An early step in homologous recombination is the resection of the 3 0 ends of the DSB to form single stranded tails that invade the intact homologous DNA double helix forming a Holliday junction. 4, 5 The RAD51 protein plays a central role in this process by facilitating the initial step of strand invasion. 6 The XRCC3 protein interacts directly with and stabilizes the RAD51 protein during the homologous recombination process. [7] [8] [9] [10] Cell lines lacking RAD51 or its paralogs (for example, XRCC3) demonstrate increased sensitivity to DNA damaging agents like ionizing radiation. [11] [12] [13] In addition, RAD51 deficient cell lines show an increased frequency of spontaneous chromosomal aberrations contributing to genetic instability. 14 These data suggest that RAD51 as well as XRCC3 play an important role in maintaining genomic stability. [15] [16] [17] A previous study has associated the G/C polymorphism at position À135 in the 5 0 untranslated region of the RAD51 gene and the C/T polymorphism in exon 7 of the XRCC3 gene that results in a threonine-to-methionine amino acid substitution (XRCC3 Thr241Met) with susceptibility to acute myeloid leukemia (AML) in adults. 18 The authors reported increased susceptibility to both de novo and therapy-related AML when both variant alleles were present. This effect was further increased in persons with a deletion polymorphism in the gene coding for the detoxification enzyme glutathione-S-transferase M1 (GSTM1). The RAD51 G135C polymorphism has also been associated with increased risk of breast cancer in BRCA2 mutation carriers, 19 and epidemiological studies noted positive associations between XRCC3 Thr241Met and melanomas, 20 bladder cancer, 21 breast cancer, 22 lung cancer 23 and gliomas. 24 The functional importance of deletion of the GSTM1 is well described. The biochemical consequences of the XRCC3 Thr241Met polymorphism have not been precisely delineated. However, a number of studies have shown biological differences in response to DNA damage in persons with a variant genotype. For example, increased DNA adducts, increased chromosomal damage and increased micronuclei have all been demonstrated in persons with variant genotypes. [25] [26] [27] [28] [29] In addition, protein conservation analysis predicts a significant change in function of XRCC3 alleles carrying the variant genotype. 30 Data regarding the functional significance of the RAD51 polymorphism is limited. Hasselbach et al. 31 have
reported an increase in promoter activity with the RAD51 G135C polymorphism. Consequently, we hypothesized that polymorphisms in RAD51, XRCC3 and GSTM1 might also lead to an increased susceptibility and/or altered outcome in childhood AML and analyzed outcomes with respect to genotype. There are no prior data describing the impact of the XRCC3 and RAD51 variants on outcome of therapy for childhood AML. However, in previous work using a different dataset, we have shown that GSTM1 deletion alone does not impact outcome of therapy. 32 
Patients and methods

Patients
The study population consisted of children with de novo AML treated on CCG protocols 2941 and 2961 between 1995 and 2002. Children with therapy-related AML were excluded, as numbers were few. Clinical data, including age, sex, white blood cell (WBC) count at diagnosis, race, presence of chloroma, presence of central nervous system (CNS) disease, immunophenotype and cytogenetic abnormalities were collected prospectively (data not shown). Cases were classified on the basis of criteria established and revised by the FrenchAmerican-British (FAB) Cooperative Study Group by central pathology review. All FAB categories except acute promyelocytic leukemia (APL-AML M3) were eligible for enrollment and were treated on the same chemotherapy regimens. 33, 34 All patients consented to enrollment on the therapeutic studies after approval of the study by the IRB of each participating institution, and to submission of samples for biological studies. The genotyping study and analysis was approved by the IRB of Cincinnati Children's Hospital and Medical Center. Blood samples obtained from 646 healthy blood donors (487 Caucasian, 146 African American, 13 unknown race) served as controls for genotype frequencies in the normal population.
Chemotherapy treatment regimen
CCG-2961 was a phase III randomized trial for patients age o21 years with previously untreated AML or myelodysplastic syndrome (MDS) conducted between August 1996 and December 2002. CCG-2941 was a feasibility pilot study for the successor CCG-2961 trial and had a similar treatment plan. All patients received intensively timed induction therapy with idarubicin, dexamethasone, cytarabine, thioguanine, etoposide and daunomycin (IDA-DCTER) given on days 0-3 followed by DCTER given on days 10-13. On recovery of WBC and platelet counts, patients were randomly assigned to receive consolidation therapy with Regimen A, that is, IDA-DCTER or Regimen B, that is, idarubicin, fludarabine, cytarabine and granulocyte-colony stimulating factor (IDA-FLAG). Intrathecal cytarabine was used for CNS prophylaxis. Following consolidation, patients with a matched related donor proceeded to allogeneic marrow transplant with ablative conditioning (busulfan and cytoxan). Those without a related donor received intensification with highdose cytarabine and L-asparaginase (Capizzi II) and additional intrathecal cytarabine. Patients on the Capizzi II arm were further randomized to receive immune modulation with interleukin-2 or standard follow-up care. Bone marrow transplant recipients were excluded from this randomization. 33, 34 Genotyping DNA was extracted from diagnostic marrow samples using the TRIZOL (Invitrogen, Carlsbad, California, USA) reagent according to the manufacturer's directions and normalized to 10 ng ml À1 . Genotyping for RAD51 G135C, XRCC3 Thr241Met and GSTM1 deletion polymorphisms was performed using a fluorescencebased allelic discrimination assay (Taqman, Applied Biosystems, Foster City, CA, USA). PCR cycling reactions were performed in 96-well microtiter plates in a GeneAmp PCR System 9600 (Perkin-Elmer, Waltham, Massachusetts, USA). Thermocycling conditions and PCR conditions are described below for each polymorphism.
RAD51 G135C. Probes and primers were as described previously by Auranen et al. 35 The reaction included an initial two-step incubation at 50 1C for 2 min and 95 1C for 10 min followed by denaturation at 95 1C for 15 s and annealing and extension at 60 1C for 1 min. The last two steps were repeated for 40 cycles for a final PCR product size of 157 bp. For each 25 ml reaction, 10 ng DNA template was added to the reaction mixture containing wild-type VIC and variant FAM probe, PCR mastermix (Applied Biosystems) and forward and reverse primers (final concentration 0.3 mM). GSTM1. The probes and primers and thermocycling conditions are as described previously by Kiffmeyer et al.
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Results were analyzed by the automated TaqMan allelic discrimination assay using sequence detection system 2.1 software (ABI TaqMan 7700, Applied Biosystems). Genotyping results were repeated in 10% of samples; concordance between repeats was 100%. For XRCC3 Thr241Met, the accuracy of genotyping was confirmed with direct sequencing of randomly selected samples.
Genomic DNA was extracted from peripheral blood samples from our control population (normal blood donors) using QIAamp blood DNA isolation kits (Qiagen Sciences, Maryland, USA) as per the manufacturer's protocol. Genotyping was performed as described for the patient population.
Statistical Analysis
The observed genotype frequencies of the XRCC3 Thr241Met and RAD51 G135C polymorphisms in the control population were compared with those calculated by the Hardy-Weinberg equilibrium (p 2 þ q 2 þ 2pq ¼ 1, where q is the variant allele frequency). Genotype frequencies were compared in the control and patient population and tested for significant differences using odds ratios (ORs) and their 95% confidence intervals (CIs) calculated by logistic regression analysis.
Data obtained from CCG-2941 through 14 April 2005 and from CCG-2961 through 10 June 2005 were used for analyses. The Kaplan-Meier method was used to calculate estimates of overall survival (OS), event-free survival (EFS) and disease-free survival (DFS). 37 Estimates are reported with their Greenwood standard errors. 38 Differences in these estimates were tested for significance using the log-rank statistic. 39 Cumulative incidence estimates were used to determine treatment-related mortality (TRM) and relapse-free survival (RFS). Differences between TRM and RFS estimates were tested for significance using Gray's test. 40 Patients lost to follow-up were censored at their date of last known contact or at 6 months prior to the cut-off date in order to prevent deaths and relapses being reported sooner than ongoing follow-up. The significance of observed differences in proportions was tested using the w 2 squared test and Fisher's exact test when data were sparse.
Definitions
OS is defined as time from study entry to death from any cause. EFS is defined as time from study entry to failure at the end of two courses, relapse or death from any cause. DFS is defined as time from the end of one course of therapy to failure at the end of two courses, relapse or death from any cause. TRM is defined as the time from study entry to death from non-progressive disease where failures at the end of two courses, relapses and deaths from progressive disease were competing events. RFS is defined as the time from the end of one or two courses of therapy to death from progressive disease, failure at the end of two courses or relapse where deaths from non-progressive disease were competing events.
Results
Susceptibility to childhood AML
Genotype frequencies for the XRCC3 Thr241Met, RAD51 G135C and GSTM deletion polymorphisms were examined in controls and patients with de novo AML. Genotype frequencies were in Hardy-Weinberg equilibrium in both cases and controls and were not different between cases and controls. ORs did not differ significantly from the reference wild-type genotype for any of the polymorphisms when examined singly (Table 1) . In work by others in adult AML, a cumulative effect of more than one variant genotype has been demonstrated, with increased risk of AML in persons with both XRCC3 Thr241Met and RAD51 G135C variant alleles. 18 To determine if a similar effect occurred in our pediatric AML cases, we examined combinations of XRCC3 Thr241Met and RAD51 G135C genotypes ( Table 2 ). The data show a doubling in risk of AML in children with a variant RAD5 G135C genotype if they carry a wild-type XRCC3 Thr241Met genotype. In addition, risk of AML was significantly increased in children with a variant XRCC3 Thr241Met genotype if they carried a wild-type RAD51 G135C genotype. GSTM genotype was added to the model, examining the cumulative effect of one, two and three variants. Susceptibility to AML was increased in children with two variant alleles (one variant (controls n ¼ 308, cases n ¼ 189; OR 1.20 (95% CI 0.85-1.69) P ¼ 0.298; two variants (controls n ¼ 174, cases n ¼ 136) OR 1.53 (95% CI 1.06-2.21), P ¼ 0.024). The OR changed very little with inclusion of three variant genotypes (OR 1.58; 95% CI 0.78-3.20; P ¼ 0.2); however, it should be noted that the number of children with variant alleles of each of XRCC3, RAD51 and GSTM was small (controls n ¼ 21, cases n ¼ 17).
XRCC3 Thr241Met genotype and outcome
Genotype frequencies for the XRCC3 Thr241Met polymorphism were compared with known AML prognostic factors and no association was found with WBC count at presentation, FAB type or cytogenetic abnormality (Table 3) . However, black children were more likely to have the XRCC3 C241T homozygous genotypes (CC or TT) than white children (74 vs 49%, P ¼ 0.01).
We observed a trend toward improved 5-year OS among the patients heterozygous for the XRCC3 Thr241Met polymorphism (CT genotype; n ¼ 190) compared to the CC (n ¼ 168) and TT Table 1 Frequencies of XRCC3 Thre241Met, RAD51 G135Cand GSTM1 null polymorphisms in AML and control populations and the relative risk of AML associated with those genotypes DNA repair polymorphisms and AML outcome D Bhatla et al (n ¼ 55) genotypes (53±8 vs 47±7%; P ¼ 0.08). There was no significant difference in outcome between the homozygous wild type (CC) and homozygous variant (TT) genotypes; hence, these patients are described as a single group for the remainder of this analysis. EFS was improved in children with the heterozygote CT genotype compared to the homozygous CC and TT genotypes (43±8 vs 34±7%; P ¼ 0.08). To further analyze the reason for the observed differences we analyzed induction outcomes and found no differences in induction success rates according to XRCC3 genotype (Table 4) . In contrast, when post-induction events were analyzed, we observed a significant difference in 5-year DFS from end of two courses with superior survival in heterozygotes (56 ± 9% for CT vs 44 ± 9% for CC þ TT genotypes; P ¼ 0.05). The difference in outcome was due to an increased frequency of relapse in the homozygotes as compared to the heterozygote patient population (5-year RFS from end of two courses was 64 ± 9% for CT vs 51 ± 9% for CC þ TT genotypes; P ¼ 0.03, Figure 1 ). TRM from end of two courses was not significantly different between the genotype groups (8±5% for CT vs 7±4% for CC þ TT; P ¼ 0.68). Comparison of the heterozygous children with children with only the homozygous wild-type genotype (CC) showed that OS was increased in the heterozygous children (53 ± 8% for CT vs 46 ± 8% for CC; P ¼ 0.079). As described above, inferior survival in the homozygous wild-type children seemed largely due to increased relapse in the homozygous cases (RFS from end of course 64 ± 9% for CT vs 52 ± 10% for CC; P ¼ 0.046). The frequency of the variant XRCC3 allele differed significantly by race and the statistical significance of the observation was reduced somewhat (DFS (P ¼ 0.098) and RFS (P ¼ 0.067)) in DNA repair polymorphisms and AML outcome D Bhatla et al a multivariate regression model that adjusted for race. These data raise the possibility that the inferior outcome in black children compared with white children previously reported from the COG 2941 and 2961 studies might be due to differences in XRCC3 genotype frequency. 33 However, univariate and multivariate hazard ratios for XRCC3 and race for all endpoints in this study are quite similar, suggesting that XRCC3 genotype alone is unlikely to explain the differences in outcome seen in that study. In addition, comparison of outcomes for black and white children homozygous for the XRCC3 genotype showed inferior outcomes for black children for all endpoints analyzed, as did a similar analysis of heterozygous children (for example, RFS from end of course 2 for white children was 65% compared with 33% for black children; P ¼ 0.025). It should be noted, however, that there were only 35 black children included in the current study, so power to detect modest differences was highly limited.
We then analyzed post-induction outcome measures in patients randomized to Regimen A (IDA-DCTER) and those randomized to receive Regimen B (IDA-FLAG). A total of 5-year DFS from end of two courses was improved in the heterozygous children in the IDA-DCTER arm (59 ± 14% for the CT group as compared to 43±12% for the CC þ TT group (P ¼ 0.06) but did not differ significantly by genotype in the IDA-FLAG arm (5-year DFS 54 ± 13% for CT vs 45 ± 14% for CC þ TT group; P ¼ 0.35; Table 5 ). Similarly, RFS was significantly different by XRCC3 genotype in the IDA-DCTER arm (67 ± 14 vs 49 ± 12%; P ¼ 0.04) but not in the IDA-FLAG arm (64 ± 12 vs 53 ± 14%; P ¼ 0.30)). TRM did not differ significantly by genotype in either arm (8±7 vs 6±6% in the IDA-DCTER arm; P ¼ 0.69 and 10±7 vs 9 ± 7% in the IDA-FLAG arm; P ¼ 0.86). Outcomes were similar for the entire patient cohort (n ¼ 574) treated on CCG protocols 2941 and 2961 and the patient population genotyped for XRCC3 Thr241Met, suggesting that the genotyped population was representative of the entire patient population (data not shown).
To determine whether the reduced relapse rate in the heterozygous children might be due to a greater use of bone marrow transplant in those children, we compared the utilization of BMT by genotype and found no difference (CC: 28 of 117 patients transplanted, (24%) CT: 29 of 133 patients (22%) and TT: 9 of 36 patients (25%), P ¼ 0.88). These data show patients actually transplanted; results were similar if analyzed by intent to treat (donor vs no donor; data not shown). XRCC3 Thr241Met genotype did not appear to influence OS or DFS among the patients who underwent bone marrow transplantation (5-years OS 75.9 ± 8.7% for CC, 65.6 ± 9.3% for CT, 66.6 ± 15.7% for TT, P ¼ 0.5) and (5-years DFS 68.1±9.7% for CC, 65.8±9.3% for CT, 66.7 ± 15.7% for CC, P ¼ 0.85).
RAD51 G135C genotype and outcome
RAD51 G135C genotype did not significantly influence any clinical outcome. OS at 5 years was 60 ± 44 vs 49 ± 13 vs 49±6%; P ¼ 0.95) and 5-year EFS was similar in all genotypes (40 ± 44 vs 41 ± 13 vs 38 ± 5%; P ¼ 0.64). TRM from study entry was also similar among the three groups (20±36 vs 17±9 vs 16 ± 4%; P ¼ 0.99).
GSTM1 genotype and outcome
OS did not differ significantly in children with no copy of GSTM1 (GSTM1 null) and those with at least one copy (GSTM1 positive) (51±7 vs 49±7%; P ¼ 0.96). Similar results were observed for EFS (39 ± 7 vs 38 ± 7%; P ¼ 0.90), TRM from study entry (16±5 vs 17±5%; P ¼ 0.62) and RFS from the end of one course (61 ± 8 vs 58 ± 8%; P ¼ 0.49) between the two groups.
Discussion
In this study, we have analyzed the frequency of polymorphisms in DNA repair genes previously linked to susceptibility to AML in adults to address the effects of these variants on susceptibility to childhood AML. 18 In addition, we investigated the influence of these polymorphisms on the outcome of therapy for childhood AML, which has not previously been studied. Our data show similar genotype frequencies in control and patient populations for the RAD51 G135C, XRCC3 Thr241Met and GSTM1 polymorphisms, suggesting that these variants, when assessed singly, do not play a role in the etiology of childhood AML. Though the control population was dissimilar with respect to age, genotype frequencies were in Hardy-Weinberg equilibrium and corresponded with previously reported genotype DNA repair polymorphisms and AML outcome D Bhatla et al frequencies for each of these polymorphisms, suggesting that these subsets are truly representative. These data contrast with our previous observation of increased risk of AML in children with GSTM1 deletion, demonstrating the importance of replicating positive findings in genetic association studies in independent datasets for confirmation. 41 It should be noted that our patient population included only de novo childhood AML, not therapy-related AML.
A similar study in adults by Seedhouse et al. 18 showed that the presence of the variant genotype for both RAD51 and XRCC3 significantly increased the risk of developing both de novo and therapy-related AML (OR 3.77 and 8.11, respectively). These authors also showed that with the addition of the GSTM1 deletion polymorphism, the risk of developing AML was notably increased (OR 15.26) . Our study showed a doubling of risk of AML in children with a RAD 51 G135C variant allele and a wild-type XRCC3 Thre241Met genotype. In addition risk of AML was significantly increased in children with at least one variant XRCC3 Thr241Met allele. In contrast, risk was not significantly elevated in children with variant alleles at both wild-type XRCC3 Thre241Met and RAD51 G135C. Addition of GSTM1 genotype to the model did not further increase risk of AML. These data indicate the importance of examining multiple genes in the same pathway to identify the role of genotype. Our study is in agreement with the findings of Seedhouse et al. to the extent that we demonstrated interaction between genotypes at different loci. Our study differs, however, in that the largest effect was seen in children with a variant allele at one locus and a wild-type allele at the second locus. These findings may be a consequence of biological differences in the etiology of childhood AML, compared with adult AML. The difference in the spectrum of cytogenetic abnormalities seen in childhood AML compared with adult AML supports the hypothesis that the biological mechanisms resulting in childhood AML may be somewhat distinct from those causing AML in adults. 42 It is also possible that these are chance observations and replication in an independent pediatric AML dataset will be important to determine the reliability of this finding.
In addition to studying the influence of variant genotypes involved in homologous recombination on susceptibility to AML, we examined the effect of genotype on the outcome of therapy, as one of the cytotoxic effects of AML chemotherapy is the generation of DNA DSBs. The data show that the XRCC3 Thr241Met polymorphism has a significant influence on the post-induction outcomes for our patient population. Surprisingly, the best outcome was found in heterozygotes with improved 5-year DFS for C/T vs CC þ TT genotypes (P ¼ 0.05). An increased frequency of relapse in the homozygotes led to inferior outcomes in these children while, TRM was similar in homozygotes and heterozygotes.
Our patient population was randomized to two different postinduction chemotherapy regimensFRegimen A consisted of IDA-DCTER and Regimen B consisted of IDA-FLAG. When outcomes of children with AML treated on CCG2961 and CCG2941 were examined as a whole, without consideration of genotype, no significant difference was observed among the patients treated on Regimen A (IDA-DCTER) and Regimen B (IDA-FLAG). While IDA-FLAG consists primarily of antimetabolite-based therapy, IDA-DCTER includes etoposide and daunomycin therapy that induces double-strand DNA breaks, requiring homologous recombination for accurate repair. Since XRCC3 plays a key role in homologous recombination, we examined the outcomes of patients treated on Regimen A and B separately with respect to XRCC3 Thr241Met genotype. The heterozygous patients had improved survival in both treatment arms compared to the homozygotes. However, this difference in outcome was statistically significant only in the patients who were treated on Regimen A (IDA-DCTER).
While it is believed that XRCC3 is a key player in the initial strand invasion and nucleoprotein filament during the process of homologous recombination, its precise mechanism of action is still not clear. Previous epidemiological and in vitro biological studies have suggested that XRCC3 Thr241Met is a functionally important polymorphism. 30, [43] [44] [45] A number of studies of adult malignancies have shown associations of XRCC3 Thr241Met genotype with cancer susceptibility, including melanoma, 20 breast cancer, 22 MDS, chronic gastritis and gastric cancers, 46 and aerodigestive cancers. 47 Functional studies examining the role of the variant allele have also been reported in the literature. Matullo et al. 21, 25 identified that XRCC3 Thr241Met polymorphism resulted in reduced DNA repair activity when using p32-labelling to measure DNA adduct levels as a measure of DNA repair capacity. In addition, Lindh et al. 48 reported an increase in mitotic defects in cells expressing only XRCC3 Thr241Met. In contrast to these findings, Araujo et al. 49 were not able to detect a significant difference between wild type and variant proteins in their ability to correct the hypersensitivity of the irsISF cell line to DNA damage using Mitomycin C or to complement the homologous recombination defect in XRCC3-deficient cells.
One possible hypothesis to explain why the outcome was statistically different only in the patients who were treated on Regimen A (IDA-DCTER) could be that DSB repair is inferior in heterozygous children. This would potentially allow superior killing of blasts when homologous recombination is required to repair damage, and the effect of genotype is most evident in children receiving therapy that requires homologous recombination for repair. Unfortunately, in the studies mentioned before, homozygous and heterozygous genotypes were not compared. It might be expected that if the variant allele is truly associated with reduced homologous recombination, the effect of the polymorphism would be most evident in children homozygous for the variant allele. It is surprising, therefore, that the heterozygous group has improved survival as compared to the wild type and the variant homozygotes.
In summary, in our study, we observed a significant interaction between XRCC3 and RAD51 genotypes in susceptibility to Abbreviations: IDA-DCTER, idarubicin, dexamethasone, cytarabine, thioguanine, etoposide and daunomycin; IDA-FLAG, idarubicin, fludarabine, cytarabine and granulocyte-colony stimulating factor; OS, overall survival; RFS, relapse-free survival.
childhood AML. In addition, we have shown a difference in the post-induction outcome of childhood AML with respect to the XRCC3 Thr241Met genotype with heterozygous children showing superior survival. The survival difference was most significant in children receiving chemotherapy that we would expect to generate DSBs. While these findings are of interest, like all such studies, these observations need to be replicated in additional independent datasets to validate the importance of this polymorphism in predicting response to chemotherapy. Additionally, molecular and biochemical studies are needed to clarify the functional significance of the XRCC3 Thr241Met polymorphism, particularly in heterozygotes.
